demonstrated the beneficial effect of ACTH and cortisone on rheumatoid arthritis and rheumatic fever, numerous reports on the influence of these drugs on tissue response to various injuries, and on granulation tissue have appeared. Systemically administered cortisone19'2-and locally administered hog adrenal extract' depressed the formation of granulation tissue in wounds in the skin of rats and rabbits. The failure of granulation tissue to form in biopsy wounds" and decubitus ulcers' in patients being treated with cortisone has also been reported. Heilman" has shown that cortisone inhibits the proliferation of fibroblasts in tissue culture. It has been claimed that the administration of cortisone or ACTH depresses the response of connective tissue in healing traumatic wounds in man and in experimental animals.
in guinea pigs4 and rats."8 Kass, Finland, et The ability of cortisone to depress antibody formationi has been demonstrated."9" The ability of cortisone-treated animals to cope with bacterial and viral infections is definitely impaired. It is not clear, however, whether this is attributable to a direct effect of cortisone on the cellular and vascular processes in inflammation, or is secondary to the effect on antibody formation, which Rich' has shown to be an important feature of resistance to infection. The present report deals with observations on the influence of cortisone on the local inflammatory response to a chemical stimulus and on the cellular, vascular, and histochemical characteristics of the healing phase.
METHODS
The present study was conducted on 25 male albino rats weighing 150-200 grams each. They were maintained on Purina lab chow and water ad libitumn. Lesions were produced by injecting 0.1 cc. Turpentine U.S.P. into the muscles of the front and hind legs and the subcutaneous tissues of the interscapular and lumbar regions. The experimental group consisted of 15 adrenalectomized rats. These rats were adrenalectomized 48 hours before other experimental procedures were done. During this interval, they were maintained on 0.9% NaCl in place of water. The adrenalectomized animals were divided into the following two groups: 11 rats were started on cortisone acetate 6 to 8 hours before the injection of turpentine, and 4 rats were started on cortisone acetate 24 to 30 hours before the injection of turpentine. They were maintained on 20 mgm./Kgm./24 hours of cortisone acetate (Cortone-Merck) given intraperitoneally in divided doses every 12 hours. An attempt was made to include a third group of adrenalectomized rats which did not receive any cortisone. These animals, however, all died 12 to 15 hours after the injection of turpentine and are not included in this study.
The remaining 10 rats served as controls. A sham operation was performed on these animals. Forty-eight hours later they were given an injection of turpentine. Rats from each group were killed at varying intervals after the turpentine injection to determine the histological picture of the reaction to injury.
Eleven rats were used in the study of the inflammatory lesion. They were killed 24 hours after the turpentine injection. Of these rats, 3 were controls, 4 were adrenalectomized rats that had been started on cortisone 6 to 8 hours before the turpentine injection, and 4 were adrenalectomized rats that had been started on cortisone 24 to 30 hours before the turpentine injection. This last group was included in the study to obviate any objection that an interval of 6 to 8 hours was not long enough to allow the absorption of a sufficient amount of cortisone to exert a maximal effect. The tissues were fixed in 10%o formalin buffered at pH 7 and stained by the Maximow hematoxylin-eosin-azure-2 method.
Fourteen rats were used in the study on granulation tissue. Of these, 4 control rats and 4 adrenalectomized rats that had been started on cortisone 6 to 8 hours before turpentine injection were killed 5 days after the injection of turpentine. Three control rats and 3 adrenalectomized rats on whom cortisone was begun 6 to 8 hours before turpentine injection were killed 10 days after the injection of turpentine. The tissues were fixed in 10%o formalin buffered at pH 7, and sections were stained with the Maximow hematoxylin-eosin-azure-2 method, Mallory's trichrome, Laidlaw's silver method for reticulin, and toluidine blue (0.05%o aqueous solution at pH 4.5-5.0 for 18 hours). Other portions were fixed in cold 80% alcohol for determination of alkaline phosphatase activity by Gomori's method. These sections were incubated for 24 hours at 370 C. in glycerophosphate at pH 9.0. The relative amount of resulting cobalt sulfide was estimated and recorded.
In the 24-hour lesions, 200 cells were counted and the percentages of polymorphonuclear cells, lymphocytes, mononuclear cells, eosinophiles, mast cells, and fibroblasts were determined. Eosinophiles were recognized by their bilobed nucleus and large red cytoplasmic granules. The counts were made in a radial direction from the center of the inflammatory focus. An estimate of the intensity and extent of the edema was also made.
In the 5-and 10-day lesions the percentages of polymorphonuclear cells, lymphocytes, mononuclear cells, eosinophiles, mast cells, mature and immature fibroblasts in the abscess walls were determined on the hematoxylin-eosin-azure-2 sections. A fibroblast was considered immature if the nucleus was vesicular and large and the cytoplasm abundant, mature if the nucleus was small and more deeply stained and the cytoplasm scanty. These counts were made in one focal plane and in one radius out from the center of the abscess cavity. Each wall was also examined for capillary loops and the percentage of immature fibroblasts. Three separate 0.3 mm. diameters were counted for each abscess and the results averaged. The Mallory, Laidlaw, toluidine blue, and alkaline phosphatase slides were examined for the extent and nature of the connective tissue, reticulin, and the extent and nature of the metachromasia and alkaline phosphatase activity, respectively. Intercellular connective tissue fibers staining black with Laidlaw's silver stain were considered precollagen5'17; those staining brown were considered collagen. Light green, wavy, thin fibers in the Mallory stain were considered immature collagen, while those which were deep green and thick were considered mature collagen. The identity of the slides was not known at the time of making any of the above evaluations.
The means of the percentages of the various cell types and of the number of capillary loops per area were compared in control and experimental animals by the t test of Fisher. Table 1 presents in detail the mean percentages of the various types of cells found 24 hours after the injection of turpentine. No significant differences were noted between the control group and the groups given cortisone either 6 to 8 hours or 24 to 30 hours before turpentine injection. There were slightly significant differences in the percentages of lymphocytes and mononuclear cells between the cortisone sub-groups. Figure 1 graphically presents the distribution of the cell types at varying distances from the center. There is a preponderance of polymorphonuclear cells near the center, but this percentage falls off sharply toward the periphery. No consistent differences were noted in the extent and intensity of the edema, or in the degree of capillary engorgement between the control and experimental animals.
RESULTS
The cell counts in the walls of the abscesses 5 days after the injection of turpentine are presented in detail in Table 2 . The cellular nature of the granulation tissue was similar in the experimental and control groups.
Lesions in the cortisone-treated animals showed fewer mature fibroblasts and more polymorphonuclear cells in the central zones than lesions in the controls. There was a tendency for the mononuclear cells to persist at a higher level, for the extent of the wall, in lesions in the cortisone-treated group (Fig. 2) . The mean number of capillary loops per 0.3 mm. diameter was significantly lower than the number observed in the control animals. The percentage of fibroblasts, in the same diameter, which were immature was approximately the same in the experimental and control animals. These results are presented in Table 3 . In the experimental group, practically none of the immature fibroblasts migrated along the capillary loops toward the centers of the abscesses. In the control group, there was a marked migration of immature fibroblasts toward the centers of the abscesses. The connective tissue in the walls of these abscesses was precollagenous in both abscesses in the cortisone-treated animals. In the walls of lesions in the control group metachromatic material was evident. It appeared to be localized, principally about the fibroblasts, and near the capillary loops. The metachromatic material seen in these wounds resembled that found in areas which are known to be rich in mucopolysaccharides. ' The results of the cell counts in the 10-day lesions are presented in Table  4 . No significant differences were noted in the percentages of polymorphonuclear cells, lymphocytes, and mature fibroblasts. The percentage of mononuclear cells in the cortisone-treated group was significantly higher than in the controls. The lesions of the cortisone-treated animals had a significantly lower number of immature fibroblasts than did the controls. Lesions of the cortisone-treated group had very few mature fibroblasts in the central portions of the walls, but showed a sharp increase in these cells at the periphery. Lesions of the control group had many mature fibroblasts in the former zones (Fig. 3) . The walls of the lesions of the cortisone-treated group were wider than those of the controls, but the number of cells per abscess wall was not greater. Table 5 presents the data on capillary loops and per cent of immature fibroblasts in the walls of the abscesses 10 days after the injection of turpentine. The number of capillary loops in the lesions of the cortisone- treated animals was significantly depressed. The number of immature fibroblasts in these areas was significantly greater in the lesions in the cortisonetreated animals (Fig. 5) . The connective tissue that constituted the major portion of the walls of the abscesses in the cortisone-treated animals was precollagen; it stained as light green, thin, wavy fibrils in the Mallory preparation, and as black, wavy, argyrophilic fibrils in the Laidlaw stain. There was slight to marked alkaline phosphatase activity throughout the connective tissue of the walls. There was also slight to marked metachromasia in the entire wall. In the alkaline phosphatase activity, and metachromasia not unlike that seen in lesions of the cortisone-treated animals (Fig. 6) . The intra-and intercellular localization of the alkaline phosphatase activity was similar to that seen in the 5-day lesions. Metachromatically staining material was evident in toluidine blue-stained sections of both control and experimental animals. This material was localized about the fibroblasts and near the capillary loops as in the 5-day lesions. reactions that are influenced by cortisone are produced by antigenic agents. Rich' has shown the importance of the antigen-antibody reaction in inflammation. Some investigators have demonstrated that cortisone depresses antibody formation."' From the results of this experiment it appears that cortisone does not influence the processes of exudation, capillary dilatation, or edema formation following injury by a chemical agent. The suppression by cortisone of inflammation attendant upon the introduction of an antigenic substance may be due to its effect on the antigen-antibody reaction, for which, however, evidence is lacking"; or it may be due to an alteration in tissue reactivity to the antigenic substance. The latter possibility gains some support from observations on the effects of cortisone on the Schwartzman phenomenon.'
In the present experiment the earliest observed effects of cortisone were decreased capillary growth, absence of migrating fibroblasts, and of mucopolysaccharides. Later, mucopolysaccharides appeared in the wounds of cortisone-treated animals, but maturation of fibroblasts did not occur to the same extent as in the controls. Cortisone also depressed proliferation of fibroblasts; and the persistence of mononuclear cells was a feature of these wounds. The over-all effect of cortisone seemed to be a delay in the process of connective tissue repair, rather than a complete suppression.
The earliest observed cellular change in the repair process is proliferation of endothelial cells and fibroblasts. Tissue culture experiments? have demonstrated an adverse effect of cortisone on fibroblast proliferation. In their experiments on local application of hog adrenal extract to wounds, Baker and Whitaker' have excluded the possibility that this effect is secondary to a systemic catabolism. The possibility that the effect is a localized cellular catabolism is not excluded. It may be that the delay in the appearance of mucopolysaccharides, failure of fibroblast maturation, depression of fibroblast proliferation, and the persistence of mononuclear cells are secondary to the poor vascularization of the regenerating area. These effects may be produced through the adverse influence of poor vascularization on the metabolic activity of these cellular elements. SUMMARY Inflammation and repair in response to turpentine have been studied in cortisone-treated adrenalectomized rats and in untreated controls. Lesions were studied at various intervals after the injection of turpentine.
1. At 24 hours there was no significant difference in the percentage of the cell types, in the estimated extent and intensity of edema, or in the degree of capillary engorgement.
2. At 5 days there were no differences noted in the cellular composition of the granulation tissue. Lesions of the cortisone-treated group had fewer capillary loops than the controls. Although migrating fibroblasts and mucopolysaccharides were present in the lesions of the control animals, none were found in those of the cortisone-treated group. No differences in the extent and intensity of alkaline phosphatase activity in the walls of the lesions were noted between the two groups.
3. At 10 days there were more mononuclear cells, fewer immature fibroblasts and fewer capillary loops in the walls of the lesions of the cortisone-treated group. The percentage of mature fibroblasts was lower in the lesions of cortisone-treated animals. The outer 40 to 50 per cent of the connective tissue in the walls of the abscesses in the control animals was mature collagen. All the connective tissue in the walls of the abscesses of the cortisone-treated animals was precollagen.
In all sections alkaline phosphatase activity was evident: in polymorphonuclear cells, around the connective tissue fibers, and in the nuclei of the fibroblasts. Evidence for the presence of mucopolysaccharides was found about the fibroblasts and near the capillary loops.
It appears that the effect which cortisone has on this type of inflammation is not exerted on the processes of exudation, capillary dilatation, and edema.
Cortisone delays the processes of connective tissue repair. It is suggested that this may be principally due to its effect in decreasing capillary growth.
